Abstract One of the means to measure photosynthetic health in corals and cnidarians is through measuring the chlorophyll fluorescence. In this study, the photosynthetic performance in three individuals of Heteractis magnifica was being evaluated using a submersible pulse modulated amplitude fluorometer (Diving PAM). The effective quantum yield of each individual was monitored for three consecutive days in five different times (0600, 0900, 1200, 1500, 1800) throughout the whole day. The photo synthetic rate during the diurnal changes showed an op posite pattern to photosynthetic active radiation (PAR) light intensity, being the lowest at 1200-1500 hours and recovered in the evening as the PAR light intensity declined. There were no significant differences in the yield values of the light adapted (ΔF'/Fm') and the dark adapted (Fv/Fm) anemones (ANOVA, p＞0.05), with 0.75 ±0.08 and 0.74±0.11, respectively. This information can be used as the baseline data for further guidance of moni toring stress in the corals and cnidarians in the surrounding waters in Pulau Tioman.
Introduction
Sea anemones are one of the organisms that are known for their symbiotic activities. They host singlecelled mi cro algae, which are also known as zooxanthellae. Like plants, the zooxanthellae perform photosynthesis where solar energy is used to convert carbon and water into chemical energy to fuel their metabolism, thus providing energy to the host (Fautin and Allen 1992) . The use of chlorophyll fluorescence to monitor the performance and stress in these algae is now widespread in physiological studies (Baker 2008) . Chlorophyll fluorescent analyses of corals and cnidarians have been used for assessment of stress due to chemical pollutant such as cyanide (Jones et al. 2006 ) and environmental factors (Ralph et al.1999; Hill et al. 2004; Ralph et al. 2005; Palka and Davy 2007; Verde and McCloskey 2007) .
The sea anemone H. magnifica is one of the dominant species in Malaysian waters , which makes it a potential indicator to assess the water conditions in Pulau Tioman. These in situ measurements of the photosynthetic activity will provide a baseline data of the anemone's daily yield values, which will help the au thorities to further monitor the water conditions in sur rounding waters. 
Materials and Methods
Experimental work was carried out at the waters of Pulau Tioman Marine Park in Tanjung Mesoh (Fig. 1) .
The photosynthetic yield values of 3 random individuals (replicates) of H. magnifica (Fig. 2) were measured in situ for 3 consecutive days in their natural light condition in the depths of 1-3 meters deep and temperature ranging from 28℃-29℃. A submersible pulse amplitude modu lator (Diving PAM) with a 1.5m acrylic fibre optic cable ( Fig. 3 ) was employed for the measurements. Three readings were measured from different parts of each anemone (tentacles, oral disc and the body) randomly.
The reading for each replicate represents the mean value of 9 readings and each daily reading represents the mean value of the 3 replicates. All measurements were taken whilst SCUBA diving. Statistical analysis was done using
Microsoft Excel, and Analysis of variance (ANOVA) test was performed using MinitabTa 13 statistical software to determine the differences between sets of data.
Fluorescence measurements
Effective quantum yield ( The maximum quantum yield (darkadapted) is the same as the effective quantum yield, where (Fm−Fo/Fm ＝Fv/Fm). The readings were recorded between 0600-0700 hours at dawn to ensure maximum recovery of the pho tosystem.
Diurnal pattern of the effective quantum yield
The diurnal changes in fluorescence were monitored and measured for 3 continuous days at 0600, 0900, 1200, 1500 and 1800 hours. The photosynthetic active radiation (PAR) light intensity was also measured using the micro quantum sensor on the Diving PAM. 
Results and Discussion
Effective and maximum quantum yield value of
Heteractis magnifica
The average effective quantum yield (ΔF'/Fm') and the maximum quantum yield (Fv/Fm) values were 0.75±0.08
and 0.74±0.11, respectively ( (Lesser 1996; Perez et al. 2001) .
Anthropogenic substances such as cyanide (Jones et al.1999) , copper (Harland and Nganro 1990) and lubri cating oils (Ngeri et al.2004) were also reported to reduce the photosynthetic efficiency of the symbiotic algae.
Therefore, the standard photosynthetic yield value of H. magnifica in 'healthy' conditions is important as guidance for biological indicators of environmental stress in the water condition at a local scale.
Diurnal Pattern of the effective quantum yield of

Heteractis magnifica
Diurnal intensity, the photosynthetic yield increased to the highest at 0900 hours and then began patterns of the quantum yield exhibited an opposite trend relative to photosynthetic active radiation (PAR) light to decline in the afternoon, a phenomenon also known as the 'afternoon depression'. The depression involved an active down regulation of photosynthesis, providing protection against oxidative damage by high light intensity (Ralph et al.1999; Gorbunov et al. 2001; Levy et al. 2004 ). The yield value was at the lowest at 1200-1500 hours when the light Fig. 2 The magnificent sea anemone, Heteractic magnifica in Pulau Tioman. Fig. 3 Diel changes in chlorophyll fluorescence of the sea anemone were measured using a submersible pulse modu lated amplitude fluorometer (Diving PAM) for three con secutive days. Table 1 The effective quantum yield (ΔF'/ Fm') and the maximum quantum yield (Fv/Fm) of Heteractis magnifica for three consecutive days.
intensity was the highest and recovered in the evening as the PAR light intensity declined (Fig. 4) . Therefore, the anemone was in its most stressful state at 1200 to 1500 hours, which unfortunately is the peak time of recreational activities of the marine park (personal observation). High level of boat traffic may cause exposure of high levels of fuel and lubricants (Mercurio et al.2004) , and pollution from waste such as garbage or untreated sewage (Toda et al.2007) 
Conclusions
The current finding provides a baseline data of the anemone's daily yield values in its 'normal' state and can be used to monitor the health of H. magnifica in waters of Pulau Tioman. The diurnal pattern of quantum yield gives us a better insight of the anemone at its weakest condition and thus, potentially helps the authorities to plan activities that will minimize stress and damages. 
